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(57) Abstract 

A suture repair system is provided for releasably holding the lacerated end of a tendon, ligament, and similar types of body tissues and 
precisely guiding placement of one or more sutures therein. The suture repair system preferably provides one or more suture guide paths 
for placing respective sutures having a selected configuration in the lacerated end. The system preferably includes a single use disposable 
holder or clamp assembly. The clamp assembly may also be used as a guide to accurately trim, when necessary, the lacerated end. Once 
suture placement is completed the clamp assembly may be removed and may be discarded. 
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APPARATUS AND METHOD FOR PLACING SUTURES, E.G. AT A TENDON LACERATION 



TECHNICAL FTELD OF THE INVENTION 

The invention relates generally to medical devices and 
more particularly to apparatus and methods for repairing a 
divided or ruptured tendon, .ligament and other fibrous body 
tissues using a suture. 

BACKGROUND OF THE INVENTION 

A wide variety of equipment and procedures have 
previously been used to perform tenorrhaphy, the union of 
a divided or ruptured tendon by a suture and tenodesis, the 
suturina of the end of a tendon to a bone. Over the past 
"5ecTcfeT~ severaT " mulXi^l e^gfasp ing , Wrfiple " s"t xandT "su'Cur'i 1, 
techniques have been developed to repair tendon 
lacerations. These techniques are based on the concept 
that repair strength is roughly proportional to the number 
of suture strands that cross the repair site. In addition, 
suturing techniques that appropriately grasp a tendon at 
multiple sites generally create a stronger repair than a 
simple weave. 

Although these repair techniques provide greater 
strength, their use has not been widespread because they 
are technically quite demanding. In fact, even traditional 
methods of tendon repair are difficult to satisfactorily 
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perform due to the small size and other characteristics of 
tendons and the correspondingly small surgical field. The 
technique of tendon repair has become an even greater 
concern due to demands placed on such repairs by aggressive 
rehabilitation. Thus, surgeons face the dilemma of using 
stronger suture techniques to improve outcome but which are 
also much more difficult and time-consuming to perform and 
may possibly cause additional damage to the tendon. 

During tendon repair, it is important to minimize any 
further damage to a lacerated tendon. The lacerated ends 
of a tendon tend to fray when handled, especially when an 
attempt is made to place multiple sutures in the lacerated 
end of the tendon. In addition, surgical trauma increases 
postoperative adhesions possibly resulting in decreased 
digital motion which is undesirable. 

SUMMARY OF THE IN VENTION 

Accordingly, a need has arisen for improved equipment 
and methods to place multiple sutures in the lacerated end 
of a tendon, ligament or other types of fibrous body 
tissues. One aspect of the present invention includes a 
tendon suture-repair device having a clamp assembly -for 
securely holding the lacerated end of a tendon and guiding 
suture placement in the lacerated end. Another aspect of 
the present invention includes providing a clamp assembly 
having a cutting guide to allow easy and neat trimming of 
the lacerated end of a tendon or ligament prior to 
placement of one or more sutures therein. A manipulator is 
preferably provided for opening and closing the clamp 
assembly and positioning the clamp assembly with the 
lacerated end disposed therein during surgical repair. 

According to one embodiment of the invention, a repair 
technique and device are provided to efficiently produce a 
high quality multiple grasping, multiple strand suture 
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repair of a lacerated tendon. The device achieves the 
advantages of such repair while eliminating most of the 
frustration associated with traditional tendon suturing 
techniques. In addition, the device greatly reduces 
unwanted and deleterious handling of a tendon to 
substantially mitigate surgical trauma which often occurs 
with the use of standard surgical instruments. 

Technical benefits of the present invention include 
tendon repair procedures and equipment satisfactory for use 
with contemporary surgical practices and rehabilitation 
programs. The relatively small size and configuration of 
equipment incorporating teachings of the present invention 
is compatible with relatively small surgical fields 
commonly associated with tendon and ligament repair. 
Additional technical benefits include providing generally 
a stronger tendon repair as compared to traditional 
tenorrhaphy equipment and procedures. The resulting tendon 
repair will generally meet or exceed the standards of 
contemporary surgery and rehabilitation for tendon 
injuries. . More aggressive rehabilitation programs have 
demonstrated improved clinical results for patients having 
a lacerated tendon. Repairing a tendon using apparatus and 



"IneWds^rhcofpdratrhg 

will often allow patients to better participate in such 
rehabilitation programs. 

Another aspect of the present invention includes 
providing apparatus and methods which may be used to repair 
lacerated tendons or ligaments - in a patient's upper and 
lower extremities and for suturing the end of a tendon to 
a bone. One embodiment of the present invention includes 
a clamp assembly having a channel formed therein to 
securely but gently hold the lacerated end of a tendon and 
substantially reduce or eliminate deleterious effects of 
handling the tendon during placement of sutures. The size 
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and shape of a clamp assembly and associated components may 
be selected in accordance with the teachings of the present 
invention to accommodate restrictions imposed by relatively 
small operating fields available during tendon repair 
surgery. A tendon repair system incorporating teachings of 
the present invention is generally more accurate and 
efficient as compared to previous techniques and provides 
more uniform, reproducible results from one surgical 
procedure to the next. 

Equipment and procedures incorporating teachings of 
the present invention may be used by all surgeons as well 
as any physician who performs tendon and ligament repairs, 
including emergency room (ER) physicians. In addition, 
such equipment and procedures may be used for tendon or 
ligament transfer and operations .that use body tissue 
grafts such as a ligament reconstruction in the hand or 
foot . 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention, and the advantages thereof, reference is now 
made to the following brief descriptions, taken in 
conjunction with the accompanying drawings and detailed 
description, wherein like reference numerals represent like 
parts, in which: 

FIGURE 1 is a schematic drawing showing an isometric 
view of a tendon repair system incorporating teachings of 
the present invention including a tendon holder or clamp 
assembly in its first, open position and an associated 
manipulator in its first position; 

FIGURE 2 is a schematic drawing showing an isometric 
view of the tendon repair system of FIGURE 1 with the clamp 
assembly in its second, closed position and the manipulator 
in its second position; 
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FIGURE 3 is a schematic drawing showing an isometric 
view of the tendon repair system of FIGURE 1 with the clamp 
assembly in its second, closed position and the manipulator 
in its third position; 

FIGURE 4A is a schematic drawing showing an isometric 
view with portions broken away of the clamp assembly of 
FIGURE 1 in its first, open position and the lacerated end 
of a tendon disposed therein; 

FIGURE 4B is a schematic drawing showing an isometric 
view with portions broken away of the clamp assembly of 
FIGURE 1 in its second position, closed with the lacerated 
end of the tendon firmly secured therein; 

FIGURE 4C is a schematic drawing showing an isometric 
view with portions broken away of a suture being inserted 
through the lacerated end of the tendon in accordance with 
teachings of the present invention; 

FIGURE 4D is a schematic drawing showing an isometric 
view with portions broken away of the clamp assembly of 
FIGURE 1 in its first, open position with sutures disposed 
in the lacerated end of the tendon in accordance with 
teachings of the present invention; 

r "T15 U K£T ~~D X S "a £>" cliciuax xcTSax mrxxl^^rcCW***^-- 

view with portions broken away of adjacent lacerated ends 
of a tendon having sutures inserted therein using apparatus 
and techniques incorporating teachings of the present 
invention; 

FIGURE 6 is a schematic drawing showing an isometric 
view, partially in section with portions broken, away, of 
one pattern for inserting sutures through the lacerated end 
of a tendon disposed within a clamp assembly in accordance 
with teachings of the present invention; and 

FIGURE 7 is a schematic drawing in elevation showing 
another view of the clamp assembly of FIGURE 1 in its 
closed position. 
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DETAILED DESCRIPTI ON OF THE INVENTION 

Preferred embodiments of the present invention and its 
advantages are best understood by referring now in more 
detail to FIGURES 1-7 'of the drawings, in which like 
numerals refer to like parts. 

For purposes of explaining various teachings of the 
present invention, tendon repair system 20 as shown in 
FIGURES 1, 2, 3,4A-D, 6 and 7 will be described with 
respect to repairing lacerated tendon 22 portions of which 
are shown in FIGURE 5. 

Tendons may be generally described as fibrous cords 
(not expressly shown) or bands of body tissue which connect 
associated muscles (not expressly shown) to a (not expressly 
shown) bone. Ligaments may be described as fibrous cords 
(not expressly shown) or bands of body tissue which connect 
bones or cartilages with each other to support and 
strengthen an associated joint (not expressly shown) . 
Tendons and ligaments are generally composed of multiple 
collagen bundles and as a result have some of the 
characteristics associated with a braided rope (including 
the tendency to fray) . 

The term "lacerated" is used to describe tendons, 
ligaments and similar types of fibrous body tissue which 
have been cut, torn, ripped or ruptured. 

The ends of a lacerated tendon or ligament have a 
tendency to fray during manipulation while performing 
surgical repairs. Apparatus and methods incorporating 
teachings qf the present invention may be satisfactorily 
used to repair lacerated tendons, ligaments and similar 
types of fibrous body tissue while minimizing surgical 
trauma. 

Tendon repair system 20 preferably includes clamp 
assembly 30 with manipulator 100 attached thereto. Clamp 
assembly 30 may sometimes be referred to as an "enclosure" 
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or as a "tendon holder." Various types of enclosures and 
tendon holders other than clamp assembly 30 may be formed 
in accordance with teachings of the present invention to 
releasably hold a lacerated tendon or ligament. Clamp 
assembly 30 and manipulator 100 may sometimes be referred 
to as a "tendon suture-repair device." The present 
invention is not limited to clamp assembly 30 or 
manipulator 100. A wide variety of clamp assemblies and 
manipulators may be formed in accordance with teachings of 
the present invention for use in -repairing lacerated 
tendons, ligaments and similar types of fibrous body 

tissue. - 

For the embodiment of the present invention as shown 
in FIGURES 1, 2, 3, 4A-D, 6 and 7, clamp assembly^ 30 
preferably includes a pair of jaws 32 and 34. Active hinge 
36 is coupled with first jaw 32 and second jaw 34 extending 
longitudinally along one side of clamp assembly 30. 
Manipulator 100 may be used to" open and close clamp 
assembly 30 to allow insertion and removal of lacerated end 
22a of tendon 22 as illustrated in FIGURES 4A-D. 

For one embodiment of the present invention, jaws 32 



which cooperate with each other to form an enclosure for 
releasably holding the lacerated end. of a tendon or 
ligament and for guiding placement of one or more sutures 
therein. When clamp assembly 30 is in its second, closed 
position, the resulting rectangular box type enclosure for 
this embodiment may have a length (L) of approximately 
eleven millimeters, a width (W) of approximately thirteen 
millimeters and a height (H) of approximately seven 
millimeters (Ilmmxl3mmx7 mm) . See FIGURE 7. 

Channels 38 and 4 0 are respectively disposed in and 
extend longitudinally through surfaces 39 and 41 of jaws 32 
and 34. Channels 38 and 40 are aligned generally parallel 
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with hinge 36. The dimensions and configurations of 
channels 38 and 40 are preferably selected to accommodate 
placing the lacerated end of a typical flexor tendon 
therein . 

5 For purposes of describing various features of the 

present invention, the terms "longitudinal" and 
"longitudinally" will be used to describe a direction 
corresponding generally with the direction in which 
channels 38 and 40 extend through clamp assembly 30. The 

10 terms "lateral" and "laterally" will be used to describe a 

direction which is generally normal to channels 38 and 40 
and parallel with surfaces 39 and 41 when clamp assembly 30 
is in its second, closed position. 

When clamp assembly 30 is in its first, open position 

15 as shown in FIGURES 1, 4A and 4D, surface 39 of first jaw 

32 will be spaced from surface 41 of second jaw 34. When 
clamp assembly 30 is in its second, closed position, such 
as shown in FIGURES 2, 3, 4B, 4C and 7, surface 39 of jaw 
32 will be in close, intimate contact with surface 41 of 

20 jaw 34. 

For some applications such as shown in FIGURES 1-4D, 
a pair of flexible collets or snaps 52 may be formed on 
opposite ends of first jaw 32 extending therefrom. A pair 
of corresponding recesses may also be formed on opposite 

25 ends of second jaw 34. One such recess 54' is shown in 

FIGURES 1, 4A and 4D. Flexible collets or snaps 52 and 53 
are preferably aligned with and sized to be received within 
respective recesses 54 when clamp assembly 30 is in its 
second, closed position such as shown in FIGURES 2 and 3. 

3 0 Flexible collets 52 and 53 and respective recesses 54 

cooperate with each other to provide a locking mechanism 
for releasably holding clamp assembly 30 in its second, 
closed position when the lacerated end of a tendon or 
ligament is secured therein. . 
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Manipulator 100 and hinge 36 cooperate with each other 
to allow movement of clamp assembly 30 between its first, 
open position as shown in FIGURE 1 and its second, closed 
position as shown in FIGURE 2. Manipulator 100 also allows 
a surgeon to comfortably hold clamp assembly 30 when the 
lacerated end of a tendon or ligament is disposed therein 
and to position clamp assembly 30 to facilitate placement 
of sutures in the lacerated end of the tendon or ligament. 

Schematic representations of portions of lacerated 
tendon 22 are shown in FIGURES 4A-D, 5 and 6. Tendon 22 
may be described as a typical flexor tendon which generally 
have oval shaped cross-sections varying in size from 
approximately five millimeters by two millimeters to eight 
millimeters by three millimeters. An average flexor tendon 
has an . oval shaped cross-section of approximately six 
millimeters by two millimeters. 

Each channel 38 and 40 preferably has a cross-section 
corresponding approximately with one-half of an oval. For. 
one application, channels 38 and 40 have a length of 
approximately one-half an inch or eleven millimeters and a 
width of approximately 0.282 inches or six millimeters. 
The depth of each channel 38 and 40 within its respective 
"ya~w~ — 32 — and — s^appr oxxmar reTy "iJvSS^-^^ cues - aL~aac - 
millimeter. When clamp assembly 30 is in its second, 
closed position, channels 38 and 40 cooperate with each 
other to form a generally oval shaped passageway extending 
longitudinally through clamp assembly 30. The resulting 
generally oval shaped passageway will have a width of 
approximately six millimeters and a height of approximately 
two millimeters. 

The dimensions and configuration of clamp assembly 30 
are selected to accommodate restrictions associated with- 
relatively small operating fields available during tendon 
repair surqery. The dimensions and configuration of 
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channels 38 and 40 are also selected to firmly but gently 
hold the lacerated end of a tendon therein. 

For some applications such as shown in FIGURES 1-4D 
and FIGURE 6, channels 38 and 4 0 may also include 
respective ribs or protrusions 42 and 44 extending 
therefrom along the length thereof. Ribs 42 and 44 are 
preferably aligned parallel with the longitudinal 
centerline (not expressly shown) of respective channels 38 
and 40. For one application, ribs 42 and 44 may extend 
approximately 0.2 millimeters into the respective channels 
38 and 40. Ribs 42 and 44 cooperate with other portions of 
channels 38 and 40 to gently but firmly secure the 
lacerated end of a tendon or ligament within clamp assembly 
30. 

As "shown in FIGURES 2 *and 3 the cross section of the 
resulting passageway extending through clamp assembly 30 
may be described as a modified oval having a configuration 
similar to a "peanut" when clamp assembly 30 is in its 
second, closed position. The longitudinal opening 

extending through clamp assembly 30 may also be described 
as being divided into- quadrants defined in part by ribs 42 
and 44 and the junction between surface 39 of first jaw 32 
with surface 41 of second jaw 34. As discussed later in 
more detail, clamp assembly 30 preferably includes one or 
more suture guide paths to facilitate placing a suture 
strand extending from the lacerated end of a tendon or 
ligament at a location corresponding with each quadrant of 
the longitudinal passageway formed in clamp assembly 30. 
See FIGURES 4D and 5. 

For the embodiment of the present invention as shown 
in FIGURES 1, 2, 3, 4A, and 6, a plurality of spikes 46 may 
be disposed within channel 40 of second jaw 34 to engage 
lacerated end 22a of tendon 22. See FIGURE 4A. The number 
of spikes and their configuration, dimensions and location 
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may be varied depending upon the size and .type of fibrous 
body tissue which will be releasably secured within the 
associated clamp assembly. The dimensions and 

configuration of channels 38 and 40 in cooperation with 
spikes 46 may be selected to substantially minimize any 
damage which may result from handling lacerated end 22a of 
tendon 22 during placement of sutures 24 and 26 therein. 
The present invention is not limited to channels and spikes 
having configurations and dimensions as described in this 
application. For some surgical procedures and/or types of 
fibrous body tissues spikes 46 may not be required. 

For the embodiment of the present invention as .shown 
in FIGURES 1-4D, manipulator 100 includes first arm 101 and 
second arm 102. First arm 101 preferably includes first 
segment 104 and second segment 106 which are rotatably 
attached to each other by pin 110. First arm 101 may be 
described as an "articulated arm." End 108 of first 
segment 104 is preferably attached to bracket 48 extending 
from first jaw 32. 

For the embodiment of the present invention as shown 
in FIGURES 1-4D and FIGURE 7, bracket 48 has a generally U- 



may be satisfactorily used with the present invention. End 
108 of first segment 104 of arm 101 is preferably disposed 
within bracket 48 with pin 50 extending therethrough. The 
dimensions of bracket 48, pin 50 and end 108 of first 
segment 104 are preferably selected to allow limited 
rotation of first segment 104 relative to bracket 48 during 
opening and closing of clamp assembly 30. 

Second segment 106 of first arm 101 preferably extends 
between first segment 104 and second arm 102. For the 
embodiment of the present invention as shown in FIGURES 1, 
2 and 3, pin 110 extends through respective portions of 
first segment 104 and second segment 106. A similar pin 
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112 extends through respective portions of second segment 
106 and second arm 102. Pins 110 and 112 cooperate with 
each other to allow rotation of first segment 104 and 
second segment 106 of first arm 101 relative to each other 
and relative to second arm 102 during opening and closing 
of clamp assembly 30. 

Bracket 48 is preferably attached to first jaw 32 by 
a pivotal type connection (not expressly shown) . End 114 
of second arm 102 is also preferably pivotally attached 
(not expressly shown) with second jaw 34. As a result of 
res p ec tive pivotal connections between bracket 48 and first 
jaw 32 and between end 114 of second arm 102 and second jaw 
34, manipulator 100 may rotate from a position extending 
approximately normal to channels 38 and 4 0 such as shown in 
FIGURES 1 and 2 to a second position aligned generally 
parallel with channels 38 and 40 as' shown in FIGURE 3 and 
4C. 

Manipulator 100 has a first position corresponding 
with the first, open position of clamp assembly 30 as shown 
in FIGURE 1. Manipulator 100 has a second position as 
shown in FIGURE 2 corresponding with the second, closed 
position of clamp assembly 30. Manipulator 100 preferably 
extends generally normal to channels 38 and 4 0 in both its 
first and second positions. Manipulator 100 may also be 
placed in a third position as shown in FIGURE 3 with arms 
101 and 102 aligned generally parallel with channels 38 and 
40. Manipulator 100 is preferably placed in its third 
position to accommodate placing sutures 24 and 2 6 in end 
22a of lacerated 22. See FIGURES 4C and 4D. 

Respective portions of second segment 106 of first arm 
101 are respectively disposed within slot 116 of first 
segment 104 and slot 118 of second arm 102. The dimensions 
and configuration of slots 116 and 118 in cooperation with 
the dimensions and configuration of second segment 106 are 
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selected to provide mechanical stops or limits which 
prevent excessive movement of first arm 101 and second arm 
102 relative to each other during opening and closing of 
clamp assembly 30. Such stops cooperate with each other to 
•prevent jamming of clamp assembly 30 and/or manipulator 
100. 

The dimensions and configuration of first arm 101 and 
second arm 102 are preferably selected to accommodate 
holding manipulator 100 between the index finger (not 
expressly shown) and thumb (not expressly shown) of a 
surgeon while opening and closing clamp assembly 30. 

First arm 101 may be manipulated with a surgeon's 
thumb to open and close clamp assembly 30. When clamp 
assembly 30 is in its closed position as shown in FIGURE 
4B, manipulator 100 may be held between the tips of the 
surgeon's index finger and thumb to move manipulator 100 to 
its third position as shown in FIGURES 4C. 

A clamp assembly incorporating teachings of the 
present invention will preferably include at least one 
suture guide path for use in placing one or more sutures in 
the lacerated end of a tendon or ligament. For the 

shnwn in FIGURES 1 



through 4D,Yand~7, clamp assembly 30 preferably "includes 
two separate suture guide paths which allow placement of 
sutures 24 and 26 in lacerated ends 22a and 22b of tendon 
22. One of the suture guide paths formed in clamp assembly 
30, designated as guide path 60, is shown in FIGURE 6. 
Portions of the other suture guide path are also shown in 
FIGURES 1-4D, 6 and 7. As discussed later in more detail, 
clamp assembly 30 facilitates placement of suture strands 
24a, 24b, 26a and 26b within and extending longitudinally 
from lacerated end 22a and 22b of tendon 22 as shown in 
FIGURE 5. 
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The first suture guide path is defined in part by slot 
62. which extends from exterior surface 63 of first jaw 32 
and intersects with channel 38. The first guide path also 
includes a corresponding slot 64 formed in second jaw 34 
extending from channel 40 to the exterior thereof. Slots 
62 and 64 are preferably aligned with each other in the 
same plane. 

Second suture guide path 60 provided in clamp assembly 
30 is defined in part by slot 66 formed in second jaw 34 
extending from exterior surface 67 to channel 40. Second 
suture guide path 60 is also defined in part by slot 68 
formed in first jaw 32 extending from channel 38 to the 
exterior thereof. As best shown in FIGURE 6, slots 66 and 
68 have a generally trapezoidal configuration and are 
preferably aligned with each other. Slots 62, 64, 66 and 
68 cooperate with each other to expose selected portions of 
the exterior surface of lacerated ends 22a and 22b of 
tendon 22 for placement of respective sutures 24 and 26 
therein . 

For the embodiment of the present invention as 
represented by clamp assembly 30, slots 62, .64, 66 and 68 
preferably have substantially the same generally 
trapezoidal configuration and dimensions. For other 
applications, slots with different sizes and configuration 
may be satisfactorily used with clamp assembly 30. 

Slot 62, 64, 66, and 68 preferably have a width 
corresponding approximately with the thickness or diameter 
of the type of suture selected for placement in the 
lacerated end of a tendon or ligament but smaller than the 
diameter of needles attached to the suture. For the 
embodiment of the present invention as shown in FIGURES 6 
and 7, slots 62, 64, 66 and 68 allow passage of suture 24 
but not needles 28 and 29. Slots 62, 64, 66 and 68 will 
preferably have a width of approximately 0.125 millimeters 
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when clamp assembly 30 is used to place type 4-0 sutures in 
lacerated ends 22a and 22b of tendon 22. Other sutures 
such as type 3-0 may also be satisfactorily used with the 
present invention . 

Each slot 62, 64, 66 and 68 preferably extends at an 
angle of approximately twenty- two and a half degrees (22^°) 
relative to surfaces 39 and 41 of jaws 32 and 34 and the 
associated longitudinal axis of channels 38 and 40. The 
first suture guide path defined in part by slots 62 and 64 
and second suture guide path 60 defined in part by slots 66 
and 68 preferably intersect with each other at an angle of 
approximately forty-five degrees extending along the 
longitudinal center line (not expressly shown) of clamp 
assembly 30. 

For some tendon and/or ligament repairs a clamp 
assembly may be formed with only one suture guide path or 
may be formed with two or more suture guide paths which 
intersect each . other at angles other than forty-five 
degrees. One of the technical benefits of the present 
invention . includes the ability to vary the number and 
location of sutures placed within the lacerated end of a 
tendon, ligament or similar type of fibrous body tissue as 
desir ecT~t b~~imp » fo ve~t JTe^re" sure s~oi^-~lrne^ a : ars o cxtftta -o-u-x =g x-TTo -a— 
procedure and rehabilitation. 

Each slot 62, 64, 66 and 68 preferably includes four 
enlargements or holes 71, 72, 73 and 74 formed therein and 
extending therethrough. The diameter of holes 71, 72, 73 
and 74 preferably corresponds with the width or diameter of 
needles used with the selected suture. For the embodiment 
of the present invention a shown in FIGURES 6 and 7, holes 
71, 72, 73 and 74 guide needles 28 and 29 through lacerated 
ends 22a and 22b of tendon 22. For type 4-0 sutures, the 
associated needles will typically have a width of 
approximately 0.4 millimeters. 
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For the embodiment of the present invention as best 
shown in FIGURE 6, holes 73 are disposed in respective 
slots 66 and 68 aligned with each other and extending 
generally perpendicular to channels 38 and 40. Hole 71 in 
slot 66 is preferably aligned with hole 74 in slot 68. 
Hole 71 in slot 68 is preferably aligned with hole 74 in 
slot 66. Holes 71 and 74 extend at a first angle relative 
to channels 38 and 40. 

Hole 72 in slot 6$ preferably extends at a second 
angle from the exterior of second jaw 34 to a selected 
quadrant in the opening defined by channels 38 and 4.0 at 
end 56 of first jaw 32. Hole 72 in slot 68 preferably 
extends at an angle from the exterior of first jaw 32 to a 
selected quadrant in the opening defined by channels 38 and 
40 at end 58 of second jaw 34. Holes 71, 72, 73 and 74 
cooperate with each other to guide placement of respective 
sutures 24 and 26 within lacerated ends 22a and 22b of 
tendon 22 such that respective suture strands 24a, 24b, " 26a 
and 26b will extend from opposite quadrants thereof. See 
FIGURE 5. 

Holes 71, 72, 73 and 74 formed in slots "62 and 64 have 
similar orientations with respect to channels 38 and 40 as 
previously described with respect to slots 66 and 68. As 
a result of the suture guide paths formed in clamp assembly 
30, sutures 24 and 26 will each grasp lacerated end 22a 
twice on opposite sides thereof. Thus, suture 24 will 
grasp the exterior of lacerated end 22a of tendon 24 four 
times as shown in FIGURE 5. In a similar manner, suture 2 6 
will also grasp the exterior of lacerated end 22a of tendon 
22 in four separate locations on the exterior thereof. 

The length of the grasp of the sutures on the exterior 
of lacerated end 22a is determined by the spacing between 
the intersection of holes 71 and 7 3 with respective 
channels 38 and 40 and the intersection of holes 72 and 74 
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with respective channels 38 and 40, For one embodiment of 
the present invention, the length of each grasp on the 
exterior of lacerated end 22a of tendon 22 will measure 
approximately one and one-half millimeters. 
5 The present invention is not limited to a suture guide 

path having holes 71, 72, 73 and 74. Various 
configurations and combinations of holes and slots may be 
satisfactorily used to provide a suture guide path in 
accordance with teachings of the present invention. 

10 Tendon and ligament repairs are often conducted in 

relatively small surgical fields due to the limited amount 
of exposure typically available at the . lacerated end of a 
tendon or ligament." The relatively small size and 
configuration of clamp assembly 30 and manipulator 100 

15 allow tendon repair system 20 to releasably engage only a 

small portion of end 22a of lacerated tendon 22 and - to 
effectively isolate end 22a of a lacerated tendon 22 from 
closely adjacent body tissues (not expressly shown) . Clamp 
assembly 30 and manipulator 100 cooperate with each other 

20 to prevent repetitive, grasping and manipulation of 
lacerated ends 22a and 22b of tendon 22 during placement of 

Various features of the present invention will be 
described with respect to placing sutures 24 and 26 in 

25 lacerated ends 22a and 22b of tendon 22 as shown in FIGURES 
4A-4D, 5 and 6. Sutures 24 and 26 are preferably identical 
and include respective straight needles 28 and 29 disposed 
in opposite" ends thereof. See FIGURE 4C. Therefore, only 
suture 24 will be described in detail. Sutures 24 and 26 

30 may be either type 4-0 or 3-0. 

Using conventional surgical techniques, approximately 
at least one centimeter (ten millimeters) of lacerated end 
22a will be exposed or made available for repair. 
Manipulator 100 is used to hold clamp assembly 30 in its 



WO 99/62407 



18 



PCT/US99/11821 



first, open position. Lacerated end 22a is gently but 
firmly placed within channel 40 and engaged with spikes 46. 
Spikes 46 penetrate lacerated end 22a to help secure 
lacerated end 22a within channel 40. Manipulator 100 may 
then be used to close clamp assembly 30 as shown in FIGURE 
4B. 

Clamp assembly 30 is preferably engaged with lacerated 
end 22a such that only a relatively small, damaged portion 
23 of lacerated end 22a- will extend from channels 38 and 
40. End 56 of first jaw 32 and end 58 of second jaw 34 
immediately adjacent to damaged portion 23 preferably form 
a smooth, flat surface. Ends 56 and 58 of clamp assembly 
30 serves as a cutting guide to allow efficient, accurate 
trimming, when required, of lacerated tendon end 22a to 
remove any oblique, jagged or crushed portions. Damaged 
portion 23 of lacerated end 22a may be trimmed with a razor 
or scalpel using ends 56 and 58 as a cutting guide. As a 
result, a generally smooth, perpendicular surface 25 on 
lacerated end 22a will be exposed at the end of clamp 
assembly 30 corresponding with ends 56 and 58 of jaws 32 
and 34.. See FIGURE 4C. 

Jaws 32 and 34 cooperate with each other to firmly 
grasp lacerated end 22a during the trimming process. A 
clamp assembly having a cutting guide formed in accordance 
with teaching of the present invention will generally 
eliminate many of the frustrations encountered in repairing 
tendons and ligaments with oblique, jagged, or crushed 
ends . 

After clamp assembly 30 has been satisfactorily 
engaged with lacerated end 22a of tendon 22 as shown in 
FIGURE 4B and damaged portion 23 removed, manipulator 100 
may be rotated or pivoted from its second position to its 
third position as shown in FIGURES 3 and 4C. Clamp 
assembly 30 may be positioned to allow better access for 
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placement of sutures 24 and 26 within lacerated end 22a of 
tendon 22 when manipulator 100 is in its third position. 

Holes 71, 72, 73 and 74 cooperate with each other to 
guide movement of needles 28 and 29 through lacerated end 
22a of tendon 22. For the embodiment of the present 
invention as represented by clamp assembly 30, each needle 
28 and 29 will pass two or three times through lacerated 
end 22a of tendon 22. As desired by the surgeon, either 
needle 28 or needle 29 will first be inserted through hole 
73. After this first pass of the associated suture 24 or 
26, each needle 28 and 29 will then pass through holes 71 
and 72. 

A clamp assembly incorporating teachings of the 
present invention will preferably result in each suture 
strand 24a, 24b, 26a and 26b exiting from different 
quadrants of lacerated end 22a of tendon 22. See FIGURE. 5. 
For some applications, color coding and/or numbers (not 
expressly shown) may be placed on the exterior of clamp 
assembly 30 adjacent to respective holes 71, 72, 73 and 74 
to provide directions for inserting needles 28 and 29 in 
the desired sequence. However, a clamp assembly 

satisfactorily used without such color coding or numbers. 

With the last pass of respective . needles 28 and 29, 
the respective ends of suture 24 will exit from surface 25 
lacerated end 22a of tendon 22. Needles 28 and 29 may then 
be removed from suture. 24 leaving sutures strands 24a and 
24b extending from respective quadrants of lacerated end 
22a. Suture 26 may be placed within lacerated end 22a 
using the guide path defined in part by slots 62 and 64 and 
substantially the same techniques as previously described 

for suture 24. 

After sutures 24 and 26 have been satisfactorily 
placed within lacerated end 22a of tendon 22, manipulator 
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100 may be returned to its second position such as shown in 
FIGURES 2 and 4B. Clamp assembly 30 may then be opened by 
placing manipulator 100 in its first position as shown in 
FIGURES 1 and 4D to allow removal of lacerated end 22a of 
tendon 24 with suture strands 24a, 24b, 26a and 26b 
extending longitudinally from surface 25. 

After sutures 24 and 26 have been properly placed 
within lacerated end 22a of tendon 22, tendon repairing 
system 20 may then be applied to lacerated end 22b of 
tendon 22. Respective sutures 24 and 26 may be placed 
within lacerated end 22b of tendon 22 using similar 
procedures and techniques as previously described with 
respect to lacerated end 22a. . For some surgical, 
procedures, tendon repairing system 20 may be discarded 
after placement of sutures -24 and 26 in lacerated end 22a 
of tendon 22 and a new tendon repairing system 2 0 may then 
be used to place respective suture threads 24 and 26 within 
lacerated end 22b of tendon 22. 

Once suture placement has been completed in both 
lacerated ends 22a and 22b, respective suture strands 24a, 
24b, 26a and 26b may be matched and tied using typical 
suture tying procedures associated with tendon and/or 
ligament repair. Because each suture strand 24a 24b 26a 
and 26b exits from a respective quadrant of the tendon ends 
22a and 22b, the matching-up of suture strands 24a, 24b, 
26a and 26b is straightforward. For some applications, 
color-coding of sutures 24 and 26 may be incorporated to 
further assist in matching suture strands 24a, 24b, 26a and 
26b. 

After the suture repair is completed, the remainder of 
the operation, splinting and rehabilitation proceeds 
according to appropriate techniques for the associated 
tendon, ligament or fibrous body tissue. 
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The various components of tendon repairing system 20 
may be manufactured from a wide variety of materials. For 
some applications, the various components associated with 
clamp assembly 30 and manipulator 100 may be formed from 
plastic type materials using injection molding techniques. 
Examples of such plastic materials include polypropylene 
and acrylic compounds. Other types of polymeric materials 
may be satisfactorily used to form tendon repairing system 
20. Typically the materials and manufacturing procedures 
to form tendon repairing system 20 will be selected to 
reduce manufacturing costs such that each tendon repairing 
system 20 may be disposed of or discarded following use. 
For some applications, tendon repairing system 20 may be 
formed from various metal alloys and/or composite materials 
particularly for use in -surgical procedures requiring 
relatively high strength and/or durability. Appropriately 
sized sutures and needles may also be packaged with each 
tendon repairing system along with appropriate 
instructions . 

A clamp assembly incorporating teachings of the 
present invention may have jaws and respective channels 

channels 38 and 40. Ribs 42 and 44 may or may not be 
provided in such channels. For example, the configuration 
and dimensions of such channels may be selected to 
correspond with the dimensions and configuration of a 
specific ligament such as a large ligament in a patient's 
leg or arm. For other applications, such channels may 
cooperate with each other to form a passageway extending 
through the associated clamp assembly having a generally 
circular cross-section, rectangular cross-section or square 
cross-section as appropriate for each specific surgical 
procedure and type of fibrous body tissue which will be 
disposed therein. Also, the dimensions and configuration 
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of one channel may be different from the" dimensions and 
configuration of the associated channel. Selection of the 
dimensions and configuration of a clamp assembly, 
associated jaws and channels may be made in accordance with 
teachings of the present invention to allow efficient and 
reproducible surgical repairs of lacerated tendons, 
ligaments and similar types of fibrous body tissue. 

A clamp assembly for releasably holding the lacerated 
end of a tendon or ligament in accordance with teachings of 
the present invention may have jaws with configurations 
other than the generally box-type configurations of jaws 32 
and 34- For some applications, each jaw may have a 
configuration corresponding generally with one half of a 
cylinder. When such jaws are in their closed position, 
they will cooperate with each other to form a complete 
cylinder. For other applications, a clamp assembly may be 
provided with a pair of jaws having non-symmetrical 
configurations . 

A clamp assembly for releasably holding the lacerated 
end of a tendon or ligament in accordance with teachings of 
the present invention may have various types of hinge 
mechanisms other than active hinge 36. For some 

applications, the lacerated end of a tendon or ligament may 
be releasably engaged by a clamp assembly having a pair of 
jaws which do not include a hinge disposed therebetween. 

A clamp assembly and manipulator for releasably 
holding the lacerated end of a tendon or ligament in 
accordance with teachings of the present invention may have 
various locking mechanisms for releasably securing the 
associated clamp assembly in its second, closed position 
when the lacerated end of a tendon or ligament is disposed 
therein. For some applications, the locking mechanism may 
include one or more flexible snaps or collets attached to 
selected portions of the associated clamp assembly. For 
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other applications, the associated manipulator may include 
one or more detentes, flexible collets and/or snaps to 
releasably secure the respective clamp assembly in its 
second, closed position. A wide variety of well known 
locking mechanisms may be satisfactorily used with the 
present invention. The present invention is not limited to 
use with collets 52 and 53 and recesses 54. 

The present invention is not limited to suture guide 
paths having holes and slots with configurations as shown 
in this application. A wide variety of configurations and 
dimensions may be satisfactorily used as long as one 
portion of the suture guide path will guide movement of" a 
needle or needles and another portion will only allow 
movement of the suture therethrough. 

Although the present invention and its advantages have 
been described in detail, it should be understood that 
various changes, substitutions and alterations can be made 
herein without departing from the spirit and scope of the 
invention as defined by the following claims. 
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WHAT IS CLAIMED IS; 

1. A tendon suture-repair device comprising: 

an enclosure for releasably holding a tendon and for 

guiding placement of a suture in the tendon; and 

a manipulator for opening and closing portions of the 

enclosure. 
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2. A tendon repair system comprising: 

a clamp assembly for releasably holding a lacerated 
end of a tendon; 

at least one suture guide path formed in a portion of 
5 the clamp assembly for placement of a suture in the 
lacerated end; and 

a manipulator for opening and closing the clamp 

assembly. 

10. 3. The tendon repair system of Claim 2 wherein the 

clamp assembly further comprises: 

a pair of jaws with each jaw having a channel formed 
therein and extending generally longitudinally 
therethrough; 

15 the clamp assembly having a first position with .the 

jaws spaced from each other to allow placement of the 
lacerated end of the tendon within one of the channels; and 
the clamp assembly having a second position with the 
jaws disposed immediately adjacent to each other to 

20 releasably hold the lacerated end within the respective 

channels . 

4. The tendon repair system of Claim 2 wherein the 
clamp assembly further comprises: 

a pair of jaws with each jaw having a channel formed 
therein and extending longitudinally therethrough; and 

at least one of the channels having a plurality of 
spikes disposed therein for engagement with the lacerated 
end. 
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5. The tendon repair system of Claim 2 wherein the 
clamp assembly further comprises: 

a pair of jaws with a hinge attached thereto and 
extending along one side of the clamp assembly; and 
5 the hinge cooperating with the manipulator ( for opening 

and closing the clamp assembly. 

6 . The tendon repair system of Claim 2 wherein 
further comprising: 

10 the clamp assembly having a first jaw and second jaw; 

the manipulator having a first arm and a second-arm; 

and 

the first arm attached to the first jaw and the second 
arm attached to the second jaw whereby movement of the 
15 first arm and second arm relative to each other will 'open 

and close the clamp assembly. 

7. The tendon repair system of Claim 2 wherein the 
clamp assembly further comprises: 

20 a pair of jaws with each jaw having a channel formed 

therein and extending longitudinally therethrough; 

each channel having a cross section corresponding 
approximately with one half of an oval; and 

the channels cooperating, with each other to form a 
25 passageway having a generally oval shaped cross section 

extending longitudinally through the clamp assembly when 
the clamp assembly is in its closed position. 



WO 99/62407 PCT/US99/1 1821 

27 

8. The tendon repair system of Claim 2 further 
comprising: 

a first jaw and a second jaw which cooperate with each 
other to form a longitudinal passageway for releasably 
holding the lacerated end of the tendon when the clamp 
assembly is closed; and 

a locking mechanism for releasably engaging the first 
jaw with the second jaw when the clamp assembly is closed. 

9. The tendon repair system of Claim 8 wherein the 
locking mechanism further comprises: 

a pair of flexible collets, attached to and extending 
from the first jaw; and ~ 

a pair of recesses formed in. the second jaw aligned 
with and sized to respectively receive one of the collets. 

10. The tendon repair system of Claim 2 further 
. comprising: 

a longitudinal passageway for releasably holding the 
lacerated end of the tendon when the clamp assembly is 
closed; 

normal * to the longitudinal passageway during opening and 
closing of the clamp assembly;, and 

the manipulator having another position extending 
generally parallel with the longitudinal passageway during 
placement of the suture in the lacerated end. 
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11. A suture repair device comprising: 

a clamp assembly having a longitudinal passageway 
formed therein for releasably holding a lacerated end of a 
fibrous body tissue; and 
5 a first suture guide path formed in the clamp assembly 

for use in directing placement of at least one suture in 
the lacerated end. 

12. The suture repair device of Claim 11 further 
10 comprising a second suture guide path formed in the clamp 

assembly for use in directing placement of a second suture 
in the lacerated end. 

13. The suture repair device of Claim 12 wherein the 
15 first suture guide path further comprises: 

a first slot and a second slot formed in respective 
portions of the clamp assembly; and 

the first slot and the second slot generally aligned 
with each other and intersecting the longitudinal 
20 passageway* 

14. The suture repair device of Claim 11 further 
comprising the longitudinal passageway sized to releasably 
hold fibrous body tissue selected from the group consisting 

25 of a tendon and a ligament. 
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15. The suture repair device of Claim 11 further 
comprising: 

the clamp assembly having' a first jaw and a second 

jaw; 

the manipulator having a first arm and a second arm; 

the first arm having a first segment rotatably 
attached to the first jaw; and 

the first arm having a second segment with respective 
portions rotatably attached to the first segment and the 
second arm whereby movement of the first segment and the 
second segment of the first arm relative to each other and 
relative to the second arm will open and close the clamp 
assembly. 

16. - The suture repair device of Claim 11 further 
comprising: 

a manipulator for opening and closing the clamp 
assembly; 

the manipulator aligned generally normal to the 
longitudinal passageway while opening and closing the clamp 
assembly; and 

longitudinal passageway during placement of at least one 
suture in the lacerated end. 
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17. Apparatus for releasably holdiijg one end of a 
lacerated fibrous body tissue and guiding placement of at 
least one suture therethrough comprising: 

a clamp assembly having a longitudinal passageway 
5 formed therein for releasably holding the lacerated end of 

the fibrous body tissue; 

at least one suture guide path formed in a portion of 
the clamp assembly for placement of a suture in the 
lacerated end; and 
10 a manipulator for opening and closing the clamp 

assembly. 

18. The apparatus of Claim 17 further comprising a 
manipulator having a first arm and a second arm for opening 

15 and closing the clamp assembly. 

19. The apparatus of Claim 17 further comprising: 
the longitudinal passageway having a longitudinal axis 

extending therethrough; 
20 a second suture guide path formed in the clamp 

assembly for use in directing placement of a second suture 

in the lacerated end; and 

the first suture guide path intersecting with the 

second suture guide path at an angle of approximately 
25 forty-five degrees extending along the longitudinal center 

line of the longitudinal passageway. 
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20. The apparatus of Claim 17 further comprising: 

a second suture guide path formed in the clamp 
assembly for use in directing placement of a second suture 
in the lacerated end; 

the first suture guide path defined in part by a first 
slot and a second slot formed in respective portions of the 
clamp assembly; 

the first slot and the second slot generally aligned 
with each other and intersecting the longitudinal 
passageway; 

the second suture guide path defined in part by a 
third slot and a fourth slot formed in respective portions 
of the clamp assembly; and 

the third slot and the fourth slot generally aligned 
with each other and intersecting the longitudinal 
passageway at respective locations offset from the first 
slot and the second slot. 

21. The apparatus of Claim 17 further comprising: 
the clamp assembly having a first jaw and a second 

i aw : 

^^^the^manipu^ 
and 

one end of the first arm pivotally attached to the 
first jaw and one end of the second arm pivotally attached 
to the second jaw whereby the manipulator may be moved from 
a position extending generally normal to the longitudinal 
passageway to another position extending generally parallel 
with the longitudinal passageway. 
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22. The apparatus of Claim 17 wherein the first 
suture guide path further comprises: 

a first slot and a second slot formed in respective 
portions of the clamp assembly; 

the first slot and the second slot generally aligned 
with each other and intersecting the longitudinal 
passageway; 

a plurality of holes formed in the first slot and the 
second slot for use in guiding movement of a needle with a 
suture attached thereto through the lacerated end; 

each hole having a diameter sized to allow passage of 
the needle therethrough; and 

each slot having a width less than the diameter of the 
needle and larger than the diameter of the suture whereby 
only the suture will pass through the slot and the needle 
will only pass through the holes. 
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23. A method for performing suture repair of a 
lacerated fibrous body tissue, comprising: 

placing one end of the lacerated fibrous body tissue 

in a clamp assembly; and 

placing a suture into the one end of the fibrous body 
tissue through a guide path found in the clamp assembly. 

24. The method of Claim 23 further comprising: 
placing the one end of the fibrous body tissue in the 

clamp assembly with a damaged portion of the one end 
extending from the clamp assembly; and 

removing the damaged portion of the one end prior to 
placing. a suture therein. 

25 The method of Claim 24 further comprising using 
a cutting guide formed on the clamp assembly to remove the 
damaged portion. 

26 The method of Claim 23 further comprising: 
placing the suture in the one end of the fibrous body 

_tt jrl ^^ - first oortion of the suture extending from a 
"liTsTquIdrant of the flbl^S^W^^^ 5 ^^ 

placing the suture in the one end of the fibrous body 
tissue with a second portion of the suture extending from 
a second quadrant of the fibrous body tissue. 

27 The method of Claim 23 further comprising the 
fibrous body tissue selected from the group consisting of 
a tendon and a ligament. 
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28. A method for performing suture repair of a 
lacerated fibrous body tissue, comprising: 

releasably engaging one end of the lacerated fibrous 
body tissue in a clamp assembly with a damaged portion of 
the one end extending from the clamp assembly; and 

removing the damaged portion of the one end prior to 
placing a suture therein. 

29. The method of Claim 28 further comprising using 
a cutting guide on the clamp assembly to remove the damaged 
portion . 

30. The method of Claim 28 further comprising placing 
a suture into the one end of the fibrous body tissue 
through a guide path formed in the clamp assembly. 

31. The method of Claim 30 further comprising : 
placing the suture in the one end of the fibrous body 

tissue with a first portion of the suture extending from a 
first quadrant of the fibrous body tissue; and 

placing the suture in the one end of the fibrous body 
tissue with a second portion of the suture extending from 
a second quadrant of the fibrous body tissue. 



32. The method of Claim 28 further comprising the 
fibrous body tissue selected from the group consisting of 
a tendon and a ligament. 
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33. A method for performing suture repair of a 
lacerated tendon, comprising: 

releasably engaging one end of the lacerated tendon in 

a clamp assembly; and 

placing a first suture into the one end of the 
lacerated tendon through a guide path found in the clamp 
assembly. 

34. The method of .Claim 33 further comprising: 
placing the one end of the lacerated tendon in the 

clamp assembly with a damaged portion of the one. end 
extending from the clamp assembly; and 

removing the damaged portion of the one end prior -to 
placing a suture therein. 

35. The method of Claim 34 further comprising using 
a cutting guide on the clamp assembly to remove the damaged 
portion. 

36. The method of Claim 33 further comprising: 
placing the first suture in the one end of the tendon 

quadrant of the tendon; and 

placing the first suture in the one end of the tendon 
with a second portion of the suture extending from a second 
quadrant of the fibrous body tissue. 

37. The method of Claim 33 further comprising placing 
a second suture into the one end of the lacerated tendon 
through a second guide path formed in the clamp assembly. 
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38, The method of Claim 37 further comprising: 
placing each suture in the one end of the lacerated 
tendon with a respective first portion of each suture 
extending from a respective quadrant of the end of the 
5 lacerated tendon; and 

placing each suture in the one end of the lacerated 
tendon with a respective second portion of each suture 
extending from a respective quadrant of the end of the 
lacerated tendon whereby each quadrant of the end of the 
0 lacerated tendon has one of the portions of the first and 

second sutures extending respectively therefrom. 
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39. A suture repair device comprising: 

a clamp assembly having a longitudinal passageway 
formed therein for releasably holding a lacerated end of a 
fibrous body tissue; 

at least a first suture guide path formed in the clamp 
assembly for use in directing placement of at least one 
suture in the lacerated end; 

the first suture guide path defined in part by a first 
slot and a second slot formed in respective portions of the 
clamp assembly; 

the first slot and the second slot generally aligned 
with each other and intersecting ' the longitudinal 
passageway; 

a plurality of holes extending through the first slot 
and the second slot and the holes sized to allow a needle 
to pass therethrough; and 

the dimensions of the first slot and the second slot 
selected to allow movement of the suture therethrough and 
to prevent movement of the needle therethrough. 

40. The suture repair device of Claim 39 further 
~^6mpfl^-ng7~— ~ — ~~ --=^-— =rr 

at least a second suture guide path formed in the 
clamp assembly for use in directing placement of a second 
suture in the lacerated end of the fibrous body tissues; 

the second suture guide path having a configuration 
corresponding generally with the first suture guide path; 
and 

the second suture guide path intersecting the 
longitudinal passageway at an angle offset from the first 
suture guide path. 
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41. A tendon repair system comprising: 

a clamp assembly for releasably holding a lacerated 
end of a fibrous body tissue; 

the clamp assembly having a pair of jaws with each jaw 
including a channel formed therein and extending 
longitudinally therethrough; 

at least one of the channels having a plurality of 
spikes disposed therein for engagement with the lacerated 
end; 

a manipulator for opening and closing the clamp 
assembly; 

the manipulator having a position extending generally 
normal to the longitudinal passageway; and 

the manipulator having another position extending 
generally parallel with the longitudinal passageway. .. 
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